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(54) Method to minimize chemically bound NOx in a combustion process 



(57) The present invention is directed to a method 
which significantly improves the efficiency of reducing 
nitrogen oxide formation and emission during incinera- 
tion of a waste gas in an air-staged thermal oxidizer. In 
accordance with the present invention, a natural gas 
stream (1 2) is mixed with combustion air (1 8) in a burner 
(16) and the mixture is ignited with the immediate intro- 
duction of liquid water (19). Thus, the resulting mixture 
is then injected into a first reducing zone (2) which is 
fuel rich in order to begin the combustion process, but 
retard the formation of nitrogen oxides. The waste gas 
(8) exiting the reducing zone is deficient in oxygen due 
to the fuel rich atmosphere in the first reducing zone and 
cooler due to the water cooling as it enters the second 
oxidizing zone. In the second oxidizing zone (4), addi- 



tional oxygen in the form of air (20) is injected to com- 
plete the combustion process. Due to the fact that the 
waste gas is cooler in the oxidizing zone, the peak tem- 
perature resulting from completion of combustion reac- 
tions is lower and thermal nitrogen oxide formation is 
minimized in the second oxidizing zone. In another 
embodiment, the method of the present invention fur- 
ther includes the step of mixing chemical reagents 
(25,26) with the cooling water prior to injection into 
either the reducing zone, the oxidizing zone, or both, to 
chemically reduce nitrogen oxides present in gases 
emanating from the reducing zone and to reduce forma- 
tion of nitrogen oxides in the oxidizing zone. 
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Description 

The present invention relates generally to a method 
for cleaning waste gases, and more particularly to a 
method for reducing nitrogen oxide emissions from a 
waste gas utilizing a thermal oxidation process. 

One method of reducing nitrogen oxide emissions 
from a waste gas known in the art utilizes a two-stage 
thermal oxidation process. Such a process is disclosed 
in US-A-5.242,295 to Ho entitled "Combustion Method 
For Simultaneous Control of Nitrogen Oxides And Prod- 
ucts of Incomplete Combustion". 

In a two-stage process, the waste gas is injected 
into a first-stage or zone of an air-staged thermal oxi- 
dizer. This first-stage is a chemically reducing zone hav- 
ing a fuel rich zone in which the waste gas is chemically 
reduced. The waste gas is then transferred to a second 
stage or zone within the air-staged thermal oxidizer 
which is an oxidizing zone, where the waste gas is oxi- 
dized. Ho explains that his two-stage system resulted 
from prior art attempts to reduce products of incomplete 
combustion (PICs) during the combustion of hazardous 
waste. Prior to Ho's invention, the approach taken in the 
art was to inject additional oxygen in the combustion 
zone in an effort to reduce PICs. While PICs were so 
reduced, the additional oxygen resulted in the formation 
of undesirable nitrogen oxides. The two-stage system 
developed in response to this problem provided for a 
first reducing zone to provide a more stable temperature 
and to produce products of both complete and incom- 
plete combustion, and to reduce the fuel requirements 
in the second zone. Upon entering the second zone, the 
PICs formed in the reducing zone are transformed into 
products of complete combustion in the oxidizing 
atmosphere and higher temperature of the second 
zone. The waste gas emanating from the second zone 
typically flows of an off -gas stack and is theoretically low 
in nitrogen oxides. 

A major limitation associated with known two-stage 
processes for reducing nitrogen oxide formation and 
emissions during incineration of waste gases is that 
such systems exhibit very poor NO x destruction efficien- 
cies, resulting in minimal reduction in the formation and 
emission of nitrogen oxides. 

Thus a need exists in the art for an efficient method 
of reducing the formation and emission of nitrogen 
oxides during the incineration waste gases. 

The present invention is directed to a method which 
significantly improves the efficiency of reducing nitrogen 
oxide formation and emission during incineration of a 
waste gas in an air-staged thermal oxidizer. In accord- 
ance with the present invention, the present inventors 
have found that when water is injected into a natural gas 
stream and is mixed with combustion air in a burner, 
ignited and is then injected into a first reducing zone, the 
water cools the gases in this reducing zone by transfer 
of heat as the water evaporates into steam. The waste 
gas exiting the reducing zone is deficient in oxygen due 
to the fuel rich atmosphere in the first reducing zone and 



is cooler due to the water cooling as it enters the second 
oxidizing zone. In the second oxidizing zone, additional 
oxygen in the form of air, termed "combustion air" is 
injected to complete the combustion process. Due to 

5 the fact that the waste gas is cooler in the oxidizing 
zone, the peak temperature resulting from the comple- 
tion of combustion reactions is lower than heretofore 
known in the art and thermal nitrogen oxide formation is 
thereby minimized in the second oxidizing zone. 

10 In an alternative embodiment, the method of the 
present invention further includes the step of reducing 
nitrogen oxide emissions by also injecting additional 
water into the oxidizing zone, along with air to complete 
the combustion of the oxygen deficient gases exiting 

is from the reducing zone. The peak temperature at which 
the oxidation reactions are completed in the oxidizing 
zone is reduced by virtue of the injection of an atomized 
water spray into the air in the second zone. Atomization 
of the water can be achieved by using high pressure 

20 water nozzles on the order of greater than 41 0 kPa (60 
psig) or by using part of the oxidation air to atomize the 
water spray. 

In still another embodiment, the method of the 
present invention further includes the steps of mixing 

25 chemical reagents with the cooling water when entering 
the reducing zone and/or the oxidizing zone prior to 
injection into the respective zone. The chemical rea- 
gents chemically reduce nitrogen oxides present in 
gases emanating from the reducing zone and reduce 

30 formation of nitrogen oxides in the oxidizing zone. The 
chemical reagents effective for chemically reducing the 
nitrogen oxides which may have been formed in the first 
zone, and which also function to reduce nitrogen oxide 
formation in the second zone, are characterized by H-N 

35 atomic bonds as part of their overall chemical structure. 
Preferred chemical reagents include one or more of 
cyanuric acid, urea or ammonium carbonate. Injection 
of an aqueous solution of these reagents provides a 
dual role of: 1) chemically reducing nitrogen oxide 

40 formed in the reducing zone; and 2) preventing the for- 
mation of nitrogen oxides in the oxidizing zone. 

The use of water injection in a first-stage reducing 
zone of an air-staged thermal oxidizer, along with the 
injection of combustion air, water and a chemical agent 

45 in either the first-stage reducing zone or second-stage 
oxidizing zone, is a novel and unobvious advance over 
the art heretofore known. 

Fig. 1 is a schematic representation of a two-staged 
thermal oxidizer. 

so Referring now to Fig. 1, there is shown an air- 
staged thermal oxidizer 1 compatible for use with the 
method of the present invention. Thermal oxidizer 1 
includes an interior burn chamber which is comprised of 
reducing zone 2 and oxidizing zone 4. Line 6, shown in 

55 phantom, roughly separates the zones, but it is to be 
understood that the zones 2 and 4 are separated by an 
air curtain as opposed to a physical separation. Waste 
gas which contains nitrogen bound compounds is pro- 
vided to thermal oxidizer 1 via conduit 8 and is intro- 
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duced into thermal oxidizer 1 via waste gas inlet port 10. 
Natural gas is provided via conduit 12 and is introduced 
into a burner inlet port 14 and into burner 16 which is in 
fluid communication with burner inlet port 14. Air for 
combustion is introduced via conduit 18 into burner 16 5 
and is admixed with the natural gas in burner 16. The 
air/natural gas mixture is ignited, and the burning gas is 
directed into the reducing zone 2 of the thermal oxidizer 
1 . The air/natural gas ratio is controlled to provide a fuel 
rich atmosphere in reducing zone 2. The waste gas w 
introduced into reducing zone 2 via waste gas inlet port 
10 is incinerated in the presence of the burning natural 
gas introduced via burner 16 into reducing zone 2. 

With the method of the present invention, water is 
injected via conduit 19 into burner inlet port 14 and is is 
admixed with the natural gas before entering burner 16. 
The water cools the gases in reducing zone 2 by trans- 
fer of heat as the water evaporates into steam. The 
waste gas exiting the reducing zone 2 is deficient in oxy- 
gen due to the fuel rich atmosphere in the first reducing 20 
zone 2 and cooler due to the water cooling, as it enters 
the oxidizing zone 4. The temperature in the reducing 
zone 2 is maintained in the range of 820 to 870°C (1500 
to 1600°F). This is a substantial reduction over prior art 
temperature ranges for the reducing zone 2. 25 

While flow rates and waste gas residence times in 
reducing zone 2 can vary dependent upon the scale of 
the operation involved, the equipment and flow rates 
obtained by the inventors is as follows. Waste gas con- 
duit 8 was a 107 cm (42 inch) diameter metal pipe in 30 
which the waste gas was provided at a pressure of 15 
cm (6 inches) w.c. and a flow rate of 20,000 scfm into 
thermal oxidizer 1 . Natural gas conduit 12 was a 7,5 cm 
(3 inch) diameter metal pipe in which the natural gas 
was provided at a pressure of 50 kPa (7 psig) and at a 35 
flow rate of 40 scfm. Combustion air conduit 18 was a 
61 cm (24 inch) diameter metal pipe in which the com- 
bustion air flow was provided at a pressure of 25 cm (10 
inches) w.c. and at a flow rate of 2000 scfm. Water injec- 
tion conduit 19 was a 2,5 cm (1 inch) diameter metal 40 
pipe in which the water flow was provided at a pressure 
of 41 0 kPa (60 psig) and a flow rate of 1 9 l/min. (5 gpm). 
The residence time for the waste gas in reducing zone 2 
is 0.5 seconds. 

With the method of the present invention, the par- 45 
tially incinerated waste gas is introduced into the oxidiz- 
ing zone 4, where additional oxygen in the form of 
combustion air is introduced into oxidizing zone 4 via 
conduit 20 which is in fluid communication with oxidizing 
zone input port 22. While Fig. 1 shows conduits 18 and so 
20 supplied with combustion air from a single source, it 
is to be understood that it is within the scope of the 
present invention for each of conduits 18 and 20 to be 
supplied from a unique source of combustion air. With 
the introduction of the combustion air into oxidizing zone ss 
4, the PICs in the waste gas are oxidized to products of 
complete combustion. Due to the fact that the waste gas 
was cooled in reducing zone 2, its temperature remains 
lower in oxidizing zone 4. Thus, the peak temperature in 



oxidizing zone 4 is lower and thermal nitrogen oxide for- 
mation is thereby minimized in oxidizing zone 4. 

In an alternative embodiment of the present inven- 
tion, the method of the present invention further 
includes the step of reducing the nitrogen oxide content 
of the waste gas by injecting additional water into oxidiz- 
ing zone 4 via conduit 24 which is in fluid communica- 
tion with oxidizing zone input port 22. The additional 
water further cools the waste gas resulting in a further 
reduction in the formation of nitrogen oxides. Atomiza- 
tion of the water is preferred. Atomization may be 
achieved using high pressure water nozzle on the order 
of greater than 410 kPa (60 psig) or by using part of the 
combustion air to atomize the water spray. 

While flow rates and waste gas residence times in 
oxidizing zone 4 can vary dependent upon the scale of 
the operation involved, the equipment and flow rates 
obtained by the inventors is as follows. Combustion air 
conduit 20 was a 61 cm (24 inches) diameter metal pipe 
in which the combustion air flow was provided at a pres- 
sure of 25 cm (1 0 inches) w.c. and at a flow rate of 7000 
scfm. Water injection conduit 24 was a 2,5 cm (1 inch) 
diameter metal pipe in which the water flow was pro- 
vided at a pressure of 410 kPa (60 psig) and a flow rate 
of 38 l/min (10 gpm). Residence time for the waste gas 
in oxidizing zone 4 was 1.0 second. Temperature 
ranges in oxidizing zone 4 without additional water were 
980 tot 1090°C (1800 to 2000°F). Temperature ranges 
in oxidizing zone 4 with the input of additional water via 
conduit 24 were 840 to 900°C (1 550 to 1650°F). 

In still another embodiment, the method of the 
present invention further includes the step of mixing 
chemical reagents with the cooling water of either con- 
duit 19 and/or conduit 24 prior to the injection of the 
water into the respective reducing zone 2 or oxidizing 
zone 4. The chemical reagents, in a preferred embodi- 
ment, are introduced via conduit 25 into conduit 19 and 
via conduit 26 into conduit 24, respectively, wherein the 
chemical reagents admix with the water of conduit 19 
and conduit 24, respectively. The chemical reagents 
chemically reduce the nitrogen oxides formed in the 
reducing zone 2 in the waste gas. The chemical rea- 
gents further act to decrease the formation of nitrogen 
oxides in the oxidizing zone. The chemical reagents 
effective for chemically reducing the nitrogen oxides 
which may have been formed in the first zone, and 
which also function to decrease nitrogen oxide forma- 
tion in the second zone, are characterized by H-N 
atomic bonds as part of their overall chemical structure. 
Preferred chemical reagents include one or more of 
cyanuric acid, urea or ammonium carbonate. Injection 
of an aqueous solution of these reagents provides a 
dual role of reducing both chemically bound nitrogen 
oxide formed in the reducing zone and preventing the 
formation of thermal nitrogen oxides in the oxidizing 
zone. In an alternative embodiment of the present 
invention, the chemical reagents are in the form of a 
slurry as opposed to an aqueous solution. By slurry, it is 
meant a heterogeneous mixture comprising solids and 
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liquids, wherein much of the chemical reagent is not dis- 
solved in the solvent, as contrasted with an aqueous 
solution in which the chemical reagents would be dis- 
solved in the water phase to form a homogeneous solu- 
tion. 5 

It is to be noted that an important embodiment of 
the present invention resides in the admixing of the 
combustion air, water and chemical reagents before 
their introduction into thermal oxidizer 1 . Important ben- 
efits obtained by this premixing include intimate contact 10 
of the chemical reagents with NO x molecules to 
enhance the efficiency of IMO x reduction. 

While different embodiments of the invention are 
shown and described in detail herein, it will be appreci- 
ated by those skilled in the art that various modifications is 
and alternatives to the embodiments could be devel- 
oped in light of the overall teachings of the disclosure. 
Accordingly, the particular arrangements are illustrative 
only and are not limiting as to the scope of the invention 
which is to be given the full breadth of the appended 20 
claims and any and all equivalents thereof. 

Claims 

1 . A method for reducing nitrogen oxides in waste gas 25 
streams comprising the steps of: 

a. injecting a waste gas containing chemically 
bound nitrogen into a staged thermal oxidizer 
(1), wherein said thermal oxidizer (1) includes 30 
two zones (2, 4}, wherein a first zone is a 
reducing zone (2), wherein a second zone is 
and oxidizing zone (4); 

b. injecting natural gas from a natural gas 
source, cooling water from a water source and 35 
combustion air form a combustion air source 
into a burner (16); 

c. admixing and igniting said natural gas, said 
cooling water and said combustion air within 
said burner (1 6) in ratios sufficient to produce a 40 
fuel rich mixture when admixed with said waste 
gas; 

d. transferring said fuel rich mixture from said 
burner (16) into said reducing zone (2), where- 
upon said waste gas is partially incinerated 45 
and, wherein formation of nitrogen oxides is 
reduced by said cooling water; 

e. transferring said partially incinerated waste 
gas from said reducing zone (2) into said oxi- 
dizing zone (4); 50 

f. injecting combustion air from a combustion 
air source into said oxidizing zone (4), wherein 
said waste gas is fully oxidized; and 

g. expelling said waste gas from said thermal 
oxidizer (1). 55 

2, The method of claim 1 , characterized by the steps 
of: 



a. admixing said combustion air injected into 
said oxidizing zone (4) with cooling water from 
a water source prior to injecting said combus- 
tion air into said oxidizing zone (4); and 

b. injecting said mixture of said cooling water 
and said combustion air into said oxidizing 
zone (4), 

wherein said cooling water reduces formation of 
nitrogen oxides in said oxidizing zone. 

3. The method of claim 2, characterized by the steps 
of: 

a. selecting at least one chemical reagent 
based upon its ability to chemically reduce 
nitrogen oxides; 

b. admixing said chemical reagent with said 
cooling water injected into said burner (16) 
and/or said cooling water injected into said oxi- 
dizing zone (4) to form a chemical rea- 
gent/cooling water mixture; and 

c. injecting said chemical reagent/cooling water 
mixture into either said reducing zone (2) 
and/or said oxidizing zone (4), whereupon for- 
mation of nitrogen oxides is prevented and 
wherein nitrogen oxides present are chemically 
reduced. 

4. The method of claim 3, characterized in that said 
chemical reagent includes a H-N atomic bond. 

5. The method of claim 3 or 4, characterized in that 
said chemical reagent is selected from the group 
consisting of cyanuric acid, urea and ammonium 
carbonate. 

6. The method of anyone of the preceding claims, 
characterized in that said ratios of said natural 
gas, said cooling water and said combustion air 
injected into said reducing zone (2) are selected to 
produce a fuel rich mixture when admixed with said 
waste gas. 

7. The method of anyone of the preceding claims, 
characterized in that an operating temperature in 
said reducing zone (2) is between 820 to 870°C 
(1500 to1600°F). 

8. The method of anyone of the preceding claims, 
characterized in that said temperature in said oxi- 
dizing zone (4) is between 840 to 900°C (1550 to 
1650°F). 
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